Materials: Cladophora cellulose (CC) powder was provided by FMC Biopolymer (Philadelphia, USA). Other chemicals and solvents were purchased from Sigma-Aldrich and used without further purification.
at 70 ℃ for 12 hours, a freestanding ZIF-CC-CNT nanosheet (thickness: 9 μm, areal density: 0.305 mg cm −2 of ZIF) was obtained. To prepare thicker ZIF-CC-CNT nanosheets with higher areal densities, formula of 30 mg ZIF-67/15 mg CC/45mg CNT and 90 mg ZIF-67/45 mg CC/135 mg CNT were applied.
Synthesis of LDH-CC-CNT.
The as-prepared ZIF-CC-CNT nanosheet was immersed in a solution of nickel nitrate hexahydrate (98.5 % purity) in ethanol at 75 ℃ for 3 hours, where the molar ratio of ZIF-67:Ni(NO3)2·6H2O was 1:2. The obtained nanosheet was thoroughly washed by ethanol and dried at 70 ℃ for 12 hours, denoted as LDH-CC-CNT.
Preparation of CC-CNT.
A similar procedure as for preparing ZIF-CC-CNT was employed to make CC-CNT nanosheets; by filtering dispersions of 5 mg CC/15 mg CNT, 15 mg CC/45 mg CNT, and 45 mg CC/135 mg CNT in water, denoted as CC-CNT-1, CC-CNT-2, and CC-CNT-3, respectively.
Preparation of electrodes:
Freestanding LDH-CC-CNT nanosheets (1 cm × 2 cm) were pressed onto graphite paper current collectors (1 cm × 2 cm) at a pressure of 150 MPa. The compact composite was denoted as LDH-CC-CNT. CC-CNT electrodes were prepared in the same manner. To prepare LDH-PVDF-CNT electrodes for the comparative study, the mixture of LDH nanocage, polyvinylidene fluoride, and CNT with the mass ratio 8:1:1 was ground carefully to form a slurry, and it was coated onto a graphite paper current collector and dried at 75 ℃ for 24 hours.
Electrochemical study on electrodes: the electrochemical analyses were carried out in a conventional three-electrode set-up in a 1 M KOH electrolyte, with an Hg/HgO electrode and a platinum wire as the reference electrode and counter electrode, respectively. Cyclic voltammetry (CV) and chronopotentiometry (CP) were performed with an Autolab/GPES instrument (ECO Chemie, The Netherlands) at room temperature. The Electrochemical impedance spectroscopy (EIS) measurements were carried out on a CH Instruments 660D potentiostat (CH Instruments, Inc., USA). The frequency was varied between 100 kHz and 0.01
Hz with an ac amplitude of 5 mV.
The gravimetric capacitance (Cg) of LDH was calculated from CV curves of LDH-CC-CNT and LDH-PVDF-CNT electrodes using the following equations:
ΔV is the voltage window, m is the mass of LDH in the electrode, ΔQ is the integrated charge from the entire voltage range, calculated from the CV curves using the following equation:
Here I is the current, t is the time, and ν is the scan rate.
To calculate the capacitance of LDH in LDH-CC-CNT electrodes, the contribution of CC-CNT for charge storage was deducted.
The areal capacitance (Ca) of the LDH-CC-CNT electrodes were calculated from galvanostatic charge-discharge (GCD) curves using the following equation:
where I is the current density, ∆t is the discharge time, ∆V is the voltage range, and S is the area of the entire electrode.
Fabrication and electrochemical study of the all-solid-state hybrid energy storage device (ESD) LDH-CC-CNT//CC-CNT:
An LDH-CC-CNT electrode (1 cm × 2 cm, 0.481 mg −2 of LDH) and a CC-CNT electrode (1 cm × 2 cm, 3.375 mg cm −2 of CNT) were used as positive electrode and negative electrode, respectively. A piece of filter paper (1.2 cm × 2.5 cm) was used as a separator. The KOH/PVA gel as solid electrolyte was prepared by mixing 1 g PVA, 1.683 g KOH, and 10 mL DI water at 90 °C under vigorous stirring. Then, the positive electrode, the negative electrode, and the separator were immersed in the PVA/KOH gel solution for 20
minutes. Subsequently, the separator was sandwiched between the positive and negative electrodes. The asymmetric device in a coffee-bag arrangement was made as previously described. CV and GCD measurements of the hybrid ESD were conducted in a two-electrode system with an Autolab/GPES instrument (ECO Chemie, The Netherlands). The areal capacitance (Ca) of the hybrid ESD was calculated from GCD curves using equation (3), while the volumetric capacitance (Cv) was calculated using the following equations:
where V is the volume of the entire device.
Energy density (E) and power density (P) of the device were calculated according to the following equations:
Here C is the areal capacitance or volumetric capacitance.
Characterization: Powder X-ray diffraction (XRD) patterns were collected on a Bruker Focus D8 diffractometer. Scanning electron microscopy (SEM) images were recorded on a fieldemission scanning electron microscope (LEO 1530, Germany). Thermogravimetric analysis (TGA) curves were carried out on a TGA/SC 3+ instrument (Mettler Toledo, Switzerland) under N2 or air flow. X-ray photoelectron spectroscopy (XPS) spectra were recorded on a PHI Quantera II instrument (Physical Electronics, USA). N2 sorption measurements were carried out on a Micromeritics ASAP 2020 analyzer (USA). 
